Platelet adhesion to the vessel wall during vascular injury is mediated by platelet glycoproteins binding to their respective ligands on the vascular wall. In this study we investigated the roles that ligand patch spacing and size play in regulating platelet interactions with fibrinogen under hemodynamic flow conditions. To regulate the size and distance between patches of fibrinogen we developed a photolithography-based technique to fabricate patterns of proteins surrounded by a protein-repellant layer of poly(ethylene glycol). We demonstrate that when mepacrine labeled whole blood is perfused at a shear rate of 100 s À1 over substrates patterned with micron-sized wide lines of fibrinogen, platelets selectively adhere to the areas of patterned fibrinogen. Using fluorescent and scanning electron microscopy we demonstrate that the degree of platelet coverage (3-35%) and the ability of platelet aggregates to grow laterally are dependent upon the distance (6-30 lm) between parallel lines of fibrinogen. We also report on the effects of fibrinogen patch size on platelet adhesion by varying the size of the protein patch (2-20 lm) available for adhesion, demonstrating that the downstream length of the ligand patch is a critical parameter in platelet adhesion under flow. We expect that these results and protein patterning surfaces will be useful in understanding the spatial and temporal dynamics of platelet adhesion under physiologic flow, and in the development of novel platelet adhesion assays.
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Introduction
Platelet adhesion to natural (e.g. blood vessel wall) or artificial surfaces plays a crucial role in a number of biological processes (e.g. thrombosis, hemostasis, atherosclerosis) as well as in the body's response to implanted devices. It is well established that adhesion of free-flowing platelets to sites of vascular injury can be mediated by a variety of adhesion receptors (e.g. GPIb/V/IX, Despite the considerable progress that has been made in our understanding of the molecules involved in platelet adhesion, limited information exists on the role(s) that ligand spacing or ligand patch size plays in regulating platelet adhesion and thrombus formation. The potential importance of ligand patch size in platelet adhesion and thrombosis is highlighted by recent studies in the absence of fluid flow. Kastrup et al. [11] demonstrated that initiation of blood clotting was dependent upon the clotting stimulus patch size. Patches of a photochemically produced acid with diameters >100 lm initiated clotting in 3 min, while patch diameters <50 lm did not initiate clotting. Similarly clotting times for factor XII and tissue factor [12] in the absence of flow were also dependent on patch size. This group also demonstrated that the spatial distribution of bacteria is critical in the initiation of blood coagulation [13] .
With respect to platelet adhesion and spreading, microcontact printing has been the preferred method of protein patterning. Basabe-Desmonts et al. [14] used microcontact printing to generate well-defined patterns of fibrinogen, von Willebrand factor (vWF), and anti-CD42b in the shape of dots, squares, or teardrops to isolate platelets from whole blood and to study how protein patch
